Introduction of the romA gene cloned from Enterobacter cloacae into Escherichia coli K-12 resulted in almost complete inhibition of OmpF expression and a concomitant increase in resistance to quinolones, P-lactams, chloramphenicol, and tetracyclines. In addition, the romA gene reduced the susceptibility to these multiple drugs even in the OmpF porin-deficient mutants of E. coli K-12. Results indicate the presence of romA-sensitive penetration pathway(s) for these multiple drugs other than the OmpF porin in E. coli.
A class of mutants of gram-negative bacteria with reduced expression of outer membrane proteins became resistant to functionally unrelated antibiotics such as quinolones (2, 8, 9, 11) , 3-lactams (23, 27) , chloramphenicol (6, 9, 11) , and tetracycline (4, 18) . The sole mechanism for this type of resistance appeared to be reduction in permeability of the outer membrane of bacteria, as most nutrients and most antibiotics penetrate the outer membrane through porins formed by outer membrane proteins (5, 9, 11) . In Escherichia coli K-12, the major outer membrane porins are OmpF and OmpC. Mutants lacking OmpF porin have increased resistance to 3-lactams, chloramphenicol, quinolones, and tetracyclines (2, 4-6, 8, 10, 11, 18, 27) . Moreover, in vitro studies using liposomes revealed that the OmpF porin formed much more efficient pores for the diffusion of 1-lactams than OmpC porin (20, 21) . In a previous report, we described isolation and characterization of an Enterobacter cloacae chromosomal gene, designated romA, which elicits altered expression of outer membrane proteins and renders bacteria multiply antibiotic resistant (16) . The primary effect of the romA gene seems to be the posttranscriptional inhibition of OmpF expression in E. coli. However, the present study showed that introduction of the romA gene into E. coli mutants with deletion of the ompF gene still conferred a degree of increase in resistance to multiple antimicrobial agents similar to that observed with E. coli strains with the ompF gene.
The bacterial strains and plasmids used in this study are listed in Table 1 . For the measurement of susceptibility to tetracycline, the Tcr gene of pMK16 or pTKO18 was inactivated by mung bean nuclease digestion and T4 DNA ligase religation at the BamHI site, and the resultant tetracyclinesensitive plasmids were designated pMK16-1 and pTKO18-1, respectively (16) . Kanamycin-sensitive plasmids pMK16-2 and pTKO18-2 were constructed from pMK16 and pTKO18 as well (16 cillin (Meiji-Seika Co., Tokyo, Japan), minocycline (Lederle Japan Co., Tokyo, Japan), and gentamicin (Essex Nippon Co., Osaka, Japan). Bacterial outer membrane proteins were prepared as described by Inokuchi et al. (12) . Bacteria were grown at 37°C in 10 ml of medium A supplemented with 0.2% (wt/vol) Casamino Acids (Difco Laboratories, Detroit, Mich.) (15) . For analysis of outer membrane proteins, the precipitate was solubilized at 100°C for 5 min in sample buffer containing 0.033 M Tris-HCl (pH 6.8), 3% sodium dodecyl sulfate (SDS), 2% 2-mercaptoethanol, and 20% glycerol and then subjected to SDS-polyacrylamide gel electrophoresis (PAGE) on an 8% polyacrylamide gel containing 8 M urea and 0.1% SDS. The concentrations of membrane preparations were normalized by measuring the cell density at the time of harvesting. Gels were stained with Coomassie brilliant blue.
The procedure for the construction of mutants with chromosomal deletions at the ompF and ompC regions was the same as that used for isolation of the mutants of the ompF promoter fused to the lacZ gene by Kato et al. (14) . First, the HincIl end of a 0.9-kb PstI-HincII fragment, a part of the ompF gene, from ompF plasmid pMAN007 was modified with a BamHI linker, and the resultant PstI-BamHI fragment was inserted into the same restriction site of integration plasmid pINT007-P for the construction of pINF002. Similarly, a 0.9-kb PstI-BglII fragment, a part of the ompC gene, from ompC plasmid pMAN029 was inserted into the PstIBamHI portion of pINT007-P, and pINCO01 was constructed. Since both pINF002 and pINCO01 have the temperature-sensitive pSC101 replicon which was originally characterized by Takeshita et al. (24) , these plasmids replicate at 300C but not at 42°C. For isolation of deletion mutants, MC4100 was transformed by pINFOO2 or pINCOO1.
Transformants were grown for a few hours at 30°C and thereafter spread on Luria broth agar plates containing kanamycin and incubated at 42°C. Most of the kanamycinresistant colonies selected at 42°C carried the integration of the plasmid into the chromosome of the host bacterium. These colonies were incubated at 42°C. In the resultant ampicillin-resistant mutants, homologous recombination had taken place to eliminate the temperature-sensitive pSC101 replicon from the chromosome, because replication from the plasmid origin was deleterious to the cell.
The effect of romA on multiple-antibiotic resistance was examined by using ompF and/or ompC mutants, including deletion mutants constructed in this study (TKO07 and TK029). In the cases of mutants TKO07 and TK029, susceptibilities to ,3-lactams and kanamycin were not tested, because the mutants carry the genes for ampicillin and kanamycin resistance. The results of susceptibility tests are shown in Table 2 . The MICs of quinolones, P-lactams, and tetracyclines for E. coli MH1461(pMK16) (envZ mutant, OmpF-OmpC+), MH1160(pMK16) (ompR mutant, OmpFOmpC-), and TK007(pMK16) (OmpF-OmpC+) were two to four times higher than those for the OmpF-positive strains, MC4100(pMK16) (OmpF+ OmpC+), MH760 (pMK16) (OmpF+ OmpC-), and TK029(pMK16) (OmpF+ OmpC-). Thus (17, 19, 22) . Among these porins, the PhoE protein is produced only under conditions of phosphate starvation (1, 26 (20, 21) . Since no sign of solute specificity in OmpF and OmpC porins has been found so far, the difference in efficiency of these porins is likely to be the consequence of the difference only in the size of the channels (20) . When E. coli K-12 was exposed to ,-lactam antibiotics, mutants producing only the OmpC porin were selected (7) . Mutations at the ompF locus (9) , at the tolF locus (13) , or at the ompB (ompR and envZ) locus (13) 
